Background There are few established metrics to define surgical capacity in resource-limited settings. Previous work hypothesizes that the relative frequency of cesarean sections (CS) at a hospital, expressed as a proportion of total operative procedures (%CS), may serve as a proxy measure of surgical capacity. We attempted to evaluate this hypothesis as it specifically relates to hospital capacity for emergency interventions for injury. Methods We conducted a WHO survey of emergency surgical capacity at 40 Rwandan district hospitals in November 2010 and extracted annual operative volume for 2010 from the Ministry of Health centralized statistical system. We dichotomized the 40 hospitals into low and high %CS groups below and above the median proportion of CS performed. We compared low and high %CS groups across self-reported capabilities related to facility characteristics, trauma supplies, procedural capacity, and surgical training using bivariate v 2 statistics with significance indicated at p B 0.05. We evaluated herniorrhaphy proportion of total procedures (%Hernia) as a representative general surgery procedure in the same manner. Results High %CS hospitals were less likely to report capability related to blood banking (p = 0.05), amputation (p = 0.04), closed fracture repair (p = 0.04), inhalational anesthesia (p = 0.05), and chest tube insertion (p = 0.05). Availability of reliable electricity was the only measure that showed statistical significance with the %Hernia measure (p = 0.02). Conclusions Cesarean section proportion shows some utility as a marker for district hospital injury-care capacity in resource-limited settings.
Introduction
As the international public health community and individual healthcare systems recognize the immense need to improve surgical care in resource-limited settings, it is important to develop metrics to measure improvement in surgical capacity [1] [2] [3] [4] . Limited reliable data exist on the burden of surgical disease; less than 70 % of World Health Organization (WHO) member states have data on surgical procedures performed, and even fewer on surgical outcomes [5] .
The WHO Global Initiative for Emergency and Essential Surgical Care (GIEESC) situational analysis tool for emergency and essential surgical capacity provides a framework for quantifying hospital-level infrastructure, human resources, procedural interventions, and emergency and resuscitative supplies [6, 7] . Whereas the WHO tool has been used to evaluate surgical capacity in more than 30 countries, the tool is predominantly qualitative and subjective. This can provide the background information needed to plan interventions for increasing surgical capacity but makes it difficult to use as an indicator of capacity [8] . Scarcity of materials and a shortage of surgical personnel in resource-limited settings make surgical outcomes assessments difficult. In effect, there are no duplicable, objective measures of surgical capacity being used in resource-limited settings to track improvements.
A simple indicator to assess surgical capacity in resourcelimited settings has been proposed by Drs. Kushner, Groen, and Kingham [9] . Using available nationwide procedure data in several sub-Sahara African nations, they found that the percentage of cesarean sections (CS) to total operations (%CS) was much higher for low-income countries than for high-income countries. They hypothesized that as surgical capacity improves, a wider range of procedures are performed and the %CS goes down. In high-income countries, for example, CS comprise 2.6 % of total procedures. They proposed the utilization of %CS as a proxy indicator for overall adequacy of emergency and essential surgical care [9] .
The proposed %CS method has yet to be tested. This study in Rwanda aims to utilize capacity measures in the WHO tool to validate the use of the %CS surgical capacity indicator. Our hypothesis is that the relative proportion of CS performed at the district hospital level is inversely proportional to district hospital-level capacity for emergency interventions for trauma and therefore a useful measure for tracking improvements in emergency surgical capacity.
Methods
We conducted a nationwide survey utilizing the WHO tool in November 2010 at 40 Rwandan district hospitals, where the primary surgical provider is a general practitioner. We extracted annual operative volume for 2010 from the Ministry of Health (MOH) centralized statistical system (Health Management Information Systems-HMIS). Procedures are reported monthly in defined categories, with each hospital being subject to audits by the MOH to ensure reporting accuracy. From the total operative volume, we could calculate the cesarean section proportion of total procedures (%CS). We also evaluated herniorrhaphy proportion of total procedures as a representative general surgery procedure (%Hernia). %Hernia is an inclusive hernia category as defined by the Rwanda HMIS system; it does not differentiate inguinal versus abdominal/umbilical hernia repair.
Rwanda does not have a parallel private hospital system, and so this study includes all district hospitals in the country. Referral hospitals (n = 3) were excluded. Each hospital level in the Rwandan healthcare system has a minimum package of services offered; CS and herniorrhaphy are included in the minimum package for district hospitals.
We dichotomized the 40 hospitals into low and high %CS groups above and below the median proportion of CS performed. The same was done for low and high hernia groups (%Hernia). We compared low and high %CS groups and low and high %Hernia groups across selfreported capabilities related to facility characteristics, trauma supplies, procedural capacity, and surgical training using bivariate chi-squared statistics. A p value B0.05 was used to indicate significance.
Results
Full results from the comprehensive survey utilizing the WHO tool have been previously reported [10] . Amongst the high %CS group, the average proportion of CS performed compared with other types of procedures was 77.9 %, compared with 49.7 % in the low %CS group. Among the high %Hernia group, the average proportion of hernias performed was 7.2 % compared with 2.4 % in the low %Hernia group. Figure 1 details the range of %CS and %Hernia performed. Table 1 shows results for facility capacity. High %CS hospitals were less likely to report capability related to blood banking (p = 0.05). High %Hernia hospitals were more likely to report reliable electricity sources (p = 0.02). Table 2 evaluates self-reported facility emergency interventions and shows several significant differences in the %CS groups but none in the %Hernia group. Hospitals with a low %CS were more likely to perform amputation (p = 0.04), inhalational anesthesia (p = 0.05), closed fracture repair (p = 0.04), and chest tube insertion (p = 0.05), with a trend toward significance with laparotomy (p = 0.07) and emergency airway (p = 0.06). No statistically significant differences were found for either %CS or %Hernia when we evaluated representative facility supplies (Table 3 ).
Discussion
Our study sought to evaluate a proposed metric [9] for evaluating surgical capacity in low-resource settings. There is a need for simple, reliable, and duplicable metrics for measuring surgical development in areas where surgical resources and providers are scarce [11, 12] . The %CS metric is not meant to be a substitute for other metrics such as prospective registries, detailed and centrally reported operative logs, and surgical outcomes tracking, such as postoperative mortality, functional outcomes, and surgical infections. However, these measures can be expensive and time-intensive; in many resource-limited settings, detailed surgical data are extremely limited, outcomes are not tracked, and funding for surgical development is negligible [13] . At the district hospital level, where the primary surgical and obstetric provider usually is a generalist and specialty care is not available, a CS is an emergency procedure and often the most common surgical procedure performed. Efforts to quantify and improve maternal mortality are a key element of the Millennium Development Goals [14, 15] , and so CS are not only widely performed but also widely recorded. Particularly as regards district hospital interventions for trauma (Table 2) , we have shown that utilizing the %CS can provide useful information. Hospitals with a low %CS were more likely to perform amputation, inhalational anesthesia, closed fracture repair, and chest tube insertion, with a trend toward significance with laparotomy and emergency airway. Of interest, all of these procedures are generally considered to be core capabilities in the care of acute injury, a leading worldwide cause of preventable death. Open fracture repair rarely was performed at the district hospitals, and wound debridement was performed at almost all hospitals, so these interventions did not show significant differences. The ability to detect significance in our study was further limited by the small sample size of 40 district hospitals; a more robust analysis, including multivariate analysis, might be possible with a larger sample size or a sample that included multiple healthcare systems. It is important to note that a hospital's ability to perform a certain procedure in this study was self-reported by doctors and nurses in the operating room.
Several challenges exist in proposing the %CS as a metric of surgical capacity. This metric is very dependent on birth rate, CS percentage of live births, and local and national policies, which may complicate its use in comparing regions or countries or in defining what %CS signifies adequate capacity. In Rwanda, the national CS rate for live births was reported to be 3 % in 2005, with the urban rate in Kigali being four times the rural CS rate [16] . Perhaps due to increased training and health facility access for deliveries, the national CS rate for live births had increased to 7.1 % by 2010 [17]. We were not able to evaluate changes in the %CS metric as the Rwandan HMIS system only has surgical volumes in HMIS since 2008. However, this metric most likely has its greatest utility in evaluating progress over time in a particular facility and deserves further analysis in this regard. Our survey evaluates district hospitals where the primary surgical provider is a general practitioner; the majority of the specialists in Rwanda (surgeons, obstetricians) practice in the referral hospitals. As surgical capacity increases and district hospitals acquire trained surgeons and obstetricians, the use of %CS may not adequately report overall surgical capacity. For that reason, we chose to evaluate a general surgery procedure that also is part of the minimum package of services mandated for the district hospitals in Rwanda (and thus, reported within HMIS) compared with %CS. The only significant association identified with %Hernia was that hospitals with a regular electricity supply were more likely to perform more herniorrhaphies. This may relate to the increased capacity and elective nature of many hernia repairs. The ability to perform elective procedures may be limited by number and training of personnel, hospital capacity for nonemergencies, health-seeking behaviors, and materials. Ultimately, hernias represented a small percentage of total procedures (7.2 and 2.4 % for high and low %Hernia, respectively), which may have limited our ability to draw inferences. Overall, %CS was deemed to be more effective as an indicator of emergency surgical capacity at the district hospital level in Rwanda than %Hernia.
Conclusions
Cesarean section proportion of total procedures (%CS) shows some utility as a marker for district hospital injurycare capacity in resource-limited settings. As surgical capacity in countries, such as Rwanda improves, the ability to measure improvement has significant implications in funding, planning, and education. A simple tool like %CS can be used to quantify change within a healthcare facility, but better metrics need to be developed and implemented for quantifying and comparing surgical capacity in resource-limited settings around the world. %CS cesarean section proportion of total procedures, %Hernia herniorrhaphy proportion of total procedures * Statistical significance p B 0.05
